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Introduction
The native Indian cows are draft animals and are not economical due to low milk yield. These cows have milk yield 700-1000 L of per lactation that is of 5-7 months. To boost milk production cross bred cattle of Holstein Friesian (HF) cows (above 75% of the exotic blood) are generally used. These cows have milk yield over on an average 5000 L per lactation. The comfort zone for native and HF cattle is different [1] . In terms of thermal humidity index (THI), heat stress can be categorized into mild, severe and deadly stress zones as shown in Figure-1 . The heat stress is dependent on temperature as well as humidity [2] . District Dehradun is located between latitudes 29°58'N and 31°2'N and longitudes 77°34'E and 78°18'E. Dehradun has generally temperate climate. The springs here spans from the months March to mid-April. Summer follows the spring season from mid-April to June end. Monsoon starts after June and ends in October. It gets really humid (about 91%) at times during monsoon. By November, the winter starts. The problem of heat stress in dairy cattle has recently increased due to the anticipated increase in environmental temperature by global warming [3] . High yielding cattle are susceptible to heat stress [4] and have a negative effect on the physiology of cow and milk production however the native cattle resist [5, 6] . THI is widely used all over the world to assess the impact of heat stress on dairy cows [7, 8] . Milk production is not affected by heat stress when mean THI values are ranges 35-72 [9] .
At Graphic Era University, Dehradun, Uttarakhand a herd of 40-70 cows is maintained. In this dairy farm there are HF cattle and these high producing crossbred of HF cows were imported from other state and there they have around 18-20 L of milk yield as per the record maintained over there before transportation (Figure-2) . The low milk producers were maintained here from 2 years and their average milk production was around 8-10 L (Figure-2) . As research on THI and milk production is limited to non-existing in Uttarakhand.
Our study was aimed to assess the effect of heat stress on milk production of high milk producing (HMP) cows and low milk producing (LMP) cows and also profile the thyroid hormones to assess the effect of heat stress in Dehradun district, Uttarakhand.
Materials and Methods

Ethical approval
Permission was obtained from Institutional Ethics Committee, Graphic Era University, Dehradun for blood sampling and was carried out under the supervision of the veterinary doctor.
Study area
The graphic Era University of Dehradun, Uttarakhand, India has been maintaining a herd of 40-70 cows containing native cattle and crossbred cattle. The 40 lactating cows were followed for our study and these cows were assigned to two equal groups according to milk production i.e., 20 high milk producers (cross-bred cattle) and 20 low milk producers (native cattle). These cows were maintained on standard feeding, nutrition, breeding and management practices. The cows in both groups were managed similarly. Same green fodder was fed to the cattle of both the groups according to the availability in different season i.e., in the winter months green "burseen" was given mixed with hay and in summer months green "Jawar and maize" was fed mixed with hay. Forage was ad libitum. Additional nutrition of 5 kg/day per cattle (33% oil cake, 33% grain [wheat/maize], 33% rice bran and 1% mineral mixture) was also given 2 time a day before milking time in morning (4 am, 2.5 kg nutrition mix) and evening (4 pm, 2.5 kg nutrition mix) daily. Animals were provided free access to fresh and portable water. In the day time, cattle were kept inside in the shed covered with insulated sheets having height of above 14 feet. Fans were also fitted with the supply of generator. In the night, the cows were kept loose. Animals exhibiting heat were inseminated artificially using frozen semen of HF breed. Animal showing signs of diseases were treated by veterinary doctor and proper vaccination was given. The data were collected for a period of 1 year, i.e., from April 2011 to March 2012. Data was recorded in the pen and in the shade. Animal were milked twice daily (4 am and 4 pm). For THI data were recorded at 8 am and 2 pm daily. For thyroid hormone profiling the samples were collected in the summer months (June, July and August i.e., hot and dry) and in winter months (November, December and January i.e., cold and dry).
Sampling procedure
Blood samples were collected from the jugular vein of the HMP cattle for thyroid hormone analysis. Blood samples were collected 2 times from each cow after an interval of 15 days in the summer month (May, June, and July). Blood sampling was always done between 10 am and 11 am for all cattle. Similar pattern was followed for winter months (November, December, and January). A volume of 3 ml blood sample was collected in serum collection tube (Peerless Co., 5 ml). The samples were kept in an ice bath maximum for 1 h until centrifugation at 4°C to recover serum. Serum was obtained by centrifugation of blood at 4000 rpm for 20 min at 4°C. From the serum collection tube, the serum was drawn and kept in Eppendorf on ice. Then sample brought to the biotech lab of Graphic Era University where it was kept in the refrigerator at −20°C and within 1 week the analyses were done.
THI measurement
To measure the heat stress, ambient temperature and relative humidity were recorded daily. Temperature was recorded using thermometer, and relative humidity using a hygrometer was recorded twice a day at 8 am and 2 pm at the Graphic Era University dairy.
Only maximum values are being reported in the present study. With the help of these two THI value can be calculated for the experiment period using the formula: THI = tair− (0.55−[0.55*relh/100])*(tairf-58.8) (Buffington et al., 1977) where, THI=Temperature-humidity index, tair=air temperature in Fahrenheit, relh=percent relative humidity.
Quantification of milk
Daily milk production was noted after each milking to verify the effect of heat stress on milk production rate. The cows were milked twice a day using milking machines. Milk was measured in liter.
Hormone profiling
Thyroid hormone level was measured using enzyme-linked immunosorbent assay (ELISA) to assess the effect of heat stress. Blood serums were analyzed for T3 and T4 using ELISA kit (ELISCAN, RFCL).
Statistics
The data of this study were statistically analyzed using Origin Labs software version 9.1 (OriginLab Corporation, Northampton, USA).
Result
Table-1 shows the average monthly THI for each month during the experimental period April, 2011 to March, 2012. In the months of April and May the THI is below the critical THI, i.e. 72. But in the month of June the average THI increases to 80.5 (severe stress zone). After June, it declines to 78 in the month of July but it again shoot up to 84 in the month of August remains above 80 till the month of October. It revealed that there was heat stress condition from the months June to October. Then after monsoon THI declined to 74 in the month of November. In the month of December THI value was calculated 65 (comfort zone) and remains below critical THI (72) till February. In March THI again exceeds 72. Data presented in the Figure-1 shows the summer heat stress as depicted by the THI in the months from June to October. Average calculated THI variations across each month and the stress zones are shown in Figure-1 .
Average milk production recorded during the experimental period for the high milk producers and low milk producers and the effect of heat stress on their milk production was shown in Figures-3 and 4 . Figure-3 shows that high yielding cattle milk yield decreased from 18±1.4 to 10±0.92 L when the THI was above 72 in the months June-October. In the month of November rise in milk yield seen may be due to a sudden drop in air temperature. However again it decreases to 8 L in the month of December. This whole results that even when the THI value decreased below the critical value 72, milk yield did not rise again in the high yielding cows. Data showed the loss of about 40-44% of milk yield in the high milk producers. The effect of THI had significant (p<0.05) effect on average daily milk yield when the cross bred cows were in heat stress. Figure-4 shows effect of heat stress on milk production of LMP cows. Low milk producers did not show any significant loss of milk yield due to increase in THI or heat stress level. No significant loss in milk yield was recorded either the THI value is in severe stress zone or in moderate stress zone.
Thyroid hormones (T3 and T4) checked only for the HMP cattle in summer months and in winter months as shown in Figures-5 and 6 . In summer months when the THI was higher or in the severe stress zone the thyroid hormones (T3 and T4) level in blood serum was calculated below the normal range and in the winter month when the THI was below the critical value 72 or in comfort zone the thyroid hormones (T3 and T4) level in blood serum was increased.
Discussion
Heat stress is one of the most important stressors, and it cannot be indicated only in terms of temperature. The THI combines temperature and humidity in a single value and has been widely used to quantify heat stress in dairy animals [2] . THI was originally developed for humans and extended to cattle [10] . High yielding crossbred cows are more sensitive to hot and humid environment than low yielding cows [4, 5] whereas the native cattle were well adapted to these environmental conditions. The higher susceptibility THI=Temperature humidity index, SE=Standard error of high yielding dairy cattle to heat stress could be explained by the substantial increase in metabolic heat output these cows are experiencing due to the high milk production [6] , which may exacerbate the problem of heat stress in high yielding dairy cows. The exotic Holstein crosses are uncomfortable above the temperature of 25°C depending upon the increase in temperature and increase in humidity. When the Cattle Heat Stress Index is at 71 or below, cattle are in the thermal neutral zone, i.e., 72 was optimum, below this animals are in the zone of comfort. Values ranging from 72 to 80 indicate "mild stress." Heat stress index values above 80 indicate "severe stress" [11] . In northern India from March onward summer starts but in mid of June the humidity also rises with high temperature, the stress level is also increased. This is also shown in our Figure-1 . July-October the animals were in severe stress level. Heat stress reduced daily milk yield of cows along with an increase in THI values. This decrease in milk production can range from 35 to 40%. In the high yielding cows once the milk production decline it not rise and there was a loss of 8-9 L milk every day and this was irreversible lose. In the low yielding cows producing <8 or 10 L of milk, they are not much affected by increase in THI or stress level. The upper critical temperature for Holsteins is 25-26°C [12] ; cows decrease milk production when THI exceeds the critical comfort level of 72 [13, 14] . Previous studies also showed that heat stress negatively affected the milk yield in dairy cows [15] [16] [17] . Higher temperature coupled with high humidity depresses performances of dairy cows by reducing feed intake, growth, reproduction [18] [19] [20] . To highlight the extent of economic loss in a herd of about 40 dairy cattle here is an example. In case of 40 lactating dairy cows in non-stress condition, monthly market value of milk production would be 40 Hormones in plasma are important as a potential indicator of the physiological status of a cow. Environmental temperature, especially high temperature, is depressing the thyroid function. The concentrations of T3 and T4 in blood plasma were found to decline under heat stress condition by up to 25% [21, 22] . It takes several days for T3 and T4 level to reach a new steady state [23] . The readjustment in thyroid response is chronic and as a result, summer thyroid activity is consistent with decrease in metabolic rate, feed intake and growth and milk production under heat stress [16, 18, 24] . Our data also revealed that the lower concentration of thyroid hormones confirms that cows were in heat stress. Adaptation to high temperatures results in an increased body temperature and a decreased thyroid activity [25, 26] .
Conclusion
In high yielding cattle, the milk production was affected by 40-44% due to heat stress. As THI rises from comfort zone to stress zone, milk yield decreased. However in low milk producers no loss in milk yield observed due to heat stress. Hence, it can be concluded that heat stress did not affect the physiology of low yielding cattle. In heat stress condition, the thyroid hormone level was also decreased, whereas in zone of comfort at 72 THI the hormone level increases. It is generally observed that commercial dairy cattle are housed in temporary shed sort of housing in Uttarakhand. If these housing facilities were built scientifically and had small investment in terms of air circulation and cooling, the milk production of these dairy can increase significantly and it can have a major impact on the economic status of dairy farmers.
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